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Abstract 
When pre and post structural opening in adjacent tunnel groups are in close proximity, the effective setting of traffic sign in the tunnel exit 
may affect drivers' vision and driving safety. This paper investigates the effectiveness of traffic sign setting in the adjacent tunnel exit. 
According to the adjacent tunnel groups' characteristics and the conditions of how drivers make effective use of information from traffic 
signs, we propose an effective model in setting traffic sign based on the ergonomics and traffic theory using the driver's visual inert as well 
as the rate of change of the pupil area and traffic safety. The proposed model is tested in adjacent tunnel groups of Liuan-Wuhan 
expressway, and road safety, location, reasonable depression angle and exit distance of adjacent tunnel group traffic signs are calculated 
and analyzed. The rationality of this model has been verified. The results can provide guidance to set up exit traffic signs of the adjacent 
tunnel group scientifically. 
© 2013 The Authors. Published by Elsevier B.V.  
Selection and/or peer-review under responsibility of Chinese Overseas Transportation Association (COTA). 
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1.Introduction  
The traffic safety of highway tunnel group is the effective guarantee to realize road speedy and smooth. Recent years, 
with the rapid development of our country s highway tunnel length and number, it is increasingly important for scientific and 
reasonable designing and setting up traffic signs, in order to guarantee tunnel group of traffic safety. Adjacent to the tunnel 
group of traffic signs at the exit of the effective set is one of the most important research content. How to give full play to the 
traffic signs on tunnel group of traffic safety safeguard function, improving the driver apparent recognize adjacent tunnel 
group of export traffic sign accuracy and reducing the number of traffic accidents are the important research direction for 
experts and scholars. So the study of this problem is very important for theoretical significance and practical value. 
There are many researches among domestic and foreign scholars about the tunnel group traffic safety. 
foreign scholars began to study the driver factors on traffic safety, including designing and setting up traffic signs on the 
accident rate, driving behaviors and other traffic parameters (Schieber & Goodspeed, 1997; Al-Madani & Al-Janahi, 2002; 
Dutta et al., 2004). Domestic and foreign scholars focus on the following aspects, linear safety design, traffic bight theory, 
safe driving speed, etc. (Yin & Zhu, 2003; Yang & Guo, 2006). Dai et al. (2009) and other experts analyzed the sign 
legibility factors with cognitive psychological theory. Du et al. (2008) and other experts set up the formula of traffic signs at 
the exit safe distance according to the duration of visual impairment in the tunnel exit. Mu and Yang (2010) and other experts 
quantitatively analyzed the relationship between pupil area changing speed and road safety, then made a conclusion of safe 
driving critical velocity based on vision adaptation in the entrance and exit of the tunnel. But few people analyzed group 
adjacent to the exit of the tunnel on the driving behavior of various types of traffic signs from the ergonomics point of view 
of traffic flow theory to the impact mechanism. National standard GB5768-1999 is also not specifically regulates it. This 
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paper as the entry point from the adjacent tunnel groups road traffic characteristics, analyze the conditions of the adjacent 
tunnel groups exit traffic signs setting validity and imparting information, and to establish the adjacent tunnel groups exit 
traffic signs effectively setting model, combined with the actual case to verify this model.  
2. Effectiveness Analyses of Adjacent Tunnel Group Exit Traffic Signs Setting 
The so-called highway tunnel group is highway section two or more than two of a certain distance away from tunnel lining. 
Tunnel -
considerate other factors, from the point of lighting design, it can be considered as continuous tunnel when the driving time is 
less than 30s according to the calculation speed between two seat tunnels. But there is not definition for spacing a smaller 
adjacent tunnel. Combing with ventilation, lighting, traffic safety and other factors, it is considered as adjacent tunnel when 
the two tunnels  space L  250 m (He et al., 2008); When the distance between the two tunnels L> 250m and L  1000m, 
it is continuous tunnel. 
The road traffic environment of adjacent tunnel groups has its own characteristics compare with other sections of 
mountainous area highway. First it is a great influence to the driver's psychology and physiology and bad to traffic safety as 
adjacent tunnel groups change space frequently within the driving environment in a relatively short period of time. Second, 
mountain natural environment condition is bad, such as more than mist, precipitation, winter road ice, and weather uncertainty 
and so on, which cause tunnel inside and outside environment more difference and tunnel traffic safeties has many hidden 
dangers. Third, it make tunnel inside and outside all sorts of incident happened frequency and the emergency rescue force 
increases as the adjacent tunnel groups spacing  is short.  
According to the actual survey the reasons why many drivers can't effectively use of adjacent tunnel group of traffic signs 
are chiefly showed as follows: 
(1) The driver didn't pay attention to the traffic signs because mark and background difference is not obvious, or road 
linear influence pilot line of sight, which lead to the driver can't find mark. 
(2) Traffic sign setting from the tunnel exit is too close, and the driver's operation distance or reaction time is not enough 
(3) The sign of low information is a little more which cause brand surface space of the waste, and at the same time we lack 
of some important traffic information indicator; 
(4) Not overall considerate and adjacent traffic sign spacing too close, which causing the driver can't effective recognition 
and timely processing mark information. 
3. The Valid Analysis of Traffic Sign Setting in Adjacent Tunnel Exit 
3.1. Man-machine system structure model of traffic signs 
Traffic signs are a complex human-machine system. Only take the driver, signs, cars, roads and the environment as a 
unified system to considered, can we properly reveal all aspects of the man-machine relationship between its influencing 
factors (Liu, 2004). The man-machine system structure model diagram of traffic signs can be showed as Figure 2. In this 
system, the input information that affects the driver is: the characteristics of traffic signs, road traffic environment, and the 
vehicle performance. When this information into the driver's information processing module, after the driver dynamic 
characteristics analysis of to get the control vehicles decisions and the implementation of the decision-making. The changes in 
vehicle parameters are afresh retroacted to the driver to decide on the next decision-making and action. This process is 
actually the course that the traffic signs are used, reflecting the reasonableness of the traffic sign design and set as the main 
decision-influencing factors. 
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Fig. 1. Man-machine system structure model in traffic signs 
3.2. Analysis of driver information processing model 
According to the visual recognition psychology, driver recognizing symbol is to obtain information rather than characters. 
Characters are the information carrier. The purpose of recognizing information carrier is to get information. Effects of 
information load on drivers have a critical impact on driving resul
effective guidance after dealing with driving information available. Information in traffic signs is not always equivalent to the 
n them. Information processing model of this law can be 
described as Figure 1. 
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Fig. 2. Schematic of driver information processing model  
As the picture shows, in OA segment, the amount of driving information equal to the supply of information means that the 
driver can handle all of the information in a timely manner, and can make the right judgments accordingly. When the supply 
of information increases, there will be a turning point A and the amount of information supply continues to increase. 
Although the amount of information corresponding increases, the amount of driving information is began to be less than that 
 point. 
processing the information mainly is related to the outside world information vision accepted. As the main carrier of 
informat
information reflects the quality of design from the other side. As information receiver and perceiver, the driver has been 
limited in attention. Too much information will undoubtedly increase the driver's visual load, so it is not used.  
3.3.  
Combination with circumstances that communicated with drivers face to face, the paper analyze the way and course from 
the perspective of cognitive psychology. The course for traffic signs transmission of information process can be divided into 
four steps: stimulate, recognize and read, decision making and behave. 
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Fig. 3.  
The points corresponding with four steps of the cognitive process are identified as recognition point, reading point, read 
point and action point. The process can be clearly manifested in Figure 2.Traffic signs F is located at right side of the road, 
when the driver through the tunnel exit point O, F is found at the point A, traffic signs information is to read at the B point, all 
of the information is read at the C point, the distance is marked as c. After reading the signs, the driver should make 
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judgments to take action; the distance is marked as b. Then the driver begins to act, the vehicle is at the point D. The distance 
between the point D and the action completion point G is the distance as action L. B point to point F is referred as the visual 
recognition distance S1.  
3.4.  
Adjacent tunnel group traffic signs should be located at the place where the drivers can notice timely, identify rapidly, 
respond accurately and operate timely. In the process of signs locating, we should scientifically determine the signs location, 
spatial location and the distance to the exit based on the driver's cognitive characteristics, the information transmission law, 
the visual recognition of traffic signs and the traffic characteristics of adjacent tunnel group. 
(1) Lateral location setting of traffic signs in adjacent tunnel group 
For security reasons, the distance between traffic signs and road shoulder in adjacent tunnel group should be at least 50cm, 
and the maximum value is 
tanld    (1) 
Where: d: Horizontal distance of the inner lane and traffic signs; l: Distance of the sign and v
reading: l= f (h*); : Angle of vanishing points and the side of the road signs. l can be determined according to the speed and 
text height as Figure 3 shows. 
)( *hfl                (2) 
** 67.5)( hhf            (3) 
hKKKh 321
*           (4) 
Where: h* is effective text height; h is actual text height; K1 is correction coefficient for the lingual text; K2 is correction 
coefficient for the complexity of Chinese characters; K3 is the speed correction coefficient.  
(2) Vertical location setting of traffic signs in adjacent tunnel group 
a) Pre-set distance of signs setting 
In order to make effective use of traffic signs information, the driver must ensure that the distance after reading is greater 
than operational distance. As Figure 3, the condition is: l m. In practice:  In addition to the sign placed on the door 
shelves, the position of other signs are generally positive in front of the line of sight and the driver's migraine some oblique 
angle;  After getting information from the traffic signs the driver mainly implement to change the line of vehicles lane and 
the speed, according to automotive theory, the distance traveled in the line vehicle speed change is avv 2/)( 22
2
1 . In theory, 
the conditions that the driver make effective use of traffic signs to pass information are as flows: 
ltvvvLnD 1
2
2
2
1 2/)()1(         (5) 
Where: Ln )1( : Necessary distance to change lanes; 2/)( 22
2
1 vv : Distance of slowing down, changing direction; n : 
Number of lanes; 1v : Speed of the action point E; 2v : Speed of the completion point G; *L : Required distance for a change in 
speed; t : Judging time. 
b) The Pitch-down Angle Setting  
There are no detailed provisions for traffic signs pitch-down angle in the current national standard of GB5768-1999. In 
order to improve the visibility of traffic signs, we must set traffic signs pitch-down angle reasonably. For the situation of 
pitch-down angle (as is shown in Figure 4), text height of sign is 1h .With or without pitch-down of the plane, the projected 
height is cos1h or )cos(1h , in the process of characters recognition, when 
)cos(cos 11 hh           (6) 
Namely 2/ , the plane projection in height and area increase after signs with pitch-down angle , at the same time the 
visual recognition of character messages increases. Take y as the distance of the driver's eyes and sign in the forward 
direction. By equation (6), in the driving process, gradually increases; when 2/ , the position of the driver is in the 
critical angle, and a sign is located at a pitch-down angle, which has the same effect as no setting of the recognition. At now  
)2/tan(/dy            (7) 
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Where: y is the critical viewing distance when the sign is at the critical angle. 
m
6LJQ
d
 
Fig. 4. Angle diagram of traffic signs  
c) Distance From Traffic Signs To Adjacent Tunnel Group Exit 
With the illumination changing dramatically in the exit of tunnel, it will likely result in the driver short time visual 
obstacles. Illumination changes dramatically in the exit of tunnel and the driver rapidly increases changing rate of pupil area, 
which result in severe visual impairment, or even can t distinguish the road conditions. 
log( ) logES a E b           (8) 
E is road illumination of tunnel entrance and exit, lx; S is pupil area of the driver, mm. a and b are constants, whose values 
based on different road surface material, the entrance and exit and the visual characteristics of drivers.  
Derivative both sides of the equation (8) for time, pupil area change rate ev is  
2( 1) 10b ae
dS dEv a v E
dt dx
          (9) 
Of which: x  is the distance of measuring point and the hole, m  (outside is negative, inside is positive); v  is speed of test 
vehicle, m/s. 
Equation (9) shows that, in the entrance and exit of the tunnel, pupil area changing speed ev is proportional to the driving 
speed and the illumination transition slope. Namely, the higher vehicle speed the greater transition slope of the illumination, 
the easier to be visually impaired, which affects driving safety. According to experimental statistical results, in the tunnel 
entrance during the day, 24 /ev mm s  and the duration time t>0.2s studies shows that for  a little complex 
visual processing, the minimum visual residence time is 0.165s; according to the results of the test statistics, combined with 
the visibility of traffic signs closely relate to traffic safety in the tunnel, thus visually stimulating critical time traffic sign 
visual recognition tests commonly used in the minimum visual cognition time of 0.2s.), it can be considered that the driver 
gets severe visual impairment in the process of dark adaptation. It is 26 /ev mm s and the duration time t<0.2s in the tunnel 
exit; it can be considered that the driver gets serious visual impairment in the process of bright adaptation.  
The establishment and disappearance of human vision have certain inertia. According to vision creation, when light of 
certain intensity is suddenly projected onto the retina, the human eye can t instantly form a stable brightness sensation, while 
the process of establishing a short. With the passage of time, the brightness feeling small to big, and soon reached the 
maximum, and then back down to a stable value. On the other hand, it is also a process for the disappearance of the visual. 
The residual vision after the light disappears is called persistence of vision. It is shown that two aspects of the visual inertia, 
namely the establishment and the disappearance of the visual process in the Figure 5. The test shows that, in the process of 
visual disappearance, the brightness sensation curve decreased approximate exponentially. 
%
%
t
tW W W W W W  
Fig. 5.  
Typically, the time between t1 and t2 is the set-up time or organs reaction time. The reaction time is not the same in 
different organs, and studies have shown that visual sensory channels reaction time is 150 to 225ms. Taking the continuity 
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between objects into account, two objects in the vision residual need to overlap, so the time t1 ~ t2 is preferable to small value 
of 0.15s; interval time of t2-t3 is known as the vision persistence. The study shows that the normal human eye's persistence 
time is about 0.1s (medium brightness, the persistence of vision retention time of 0.05 ~ 0.2s). 
change and the driver's visual inertia, 0.25s is the advisable time between t1 and t3, so visual impairment time takes 0.25s in 
the adjacent tunnel group exit. 
Equation (10) is tenable from the tunnel exit O to the traffic signs location F: 
321 SSSS            (10) 
Where: S is the effective distance from traffic signs location to the tunnel exit, m; 1S is the visual distance for the traffic 
signs, m; 2S is the distance between find point A and read point B, m; 3S is the distance between the tunnel exit O and find 
point A, m.  
Experimental studies have shown that acceleration change within a certain distance of the tunnel exit does not exceed 0.5 
m/s2. Since the trip from point B to point F is short, it can be regarded as at constant velocity V (m /s) speed for the 
simplification of the calculation. The threshold value 1S of traffic signs visible distance can be seen from equation (11): 
mBhVS 2/1221 )]2/tan(/))2/([(6.3/        (11) 
Where: V is the average speed between reading point to traffic sign location; h is the symbol height; B is the road width; a 
is the limit for the field of vision, taking 15°. m  is the operational distance for the driver. 
Studies showed that 0.2s is adequate for the general visual recognition reaction time of simple information. So desirable 
travel time 2S is 0.2s, that is: 
VS 2.02             (12) 
By analyzing the relationship of the pupil area changing speed with road safety and the visual inertia of driver, we can 
know that: 
3 0.25S V            (13) 
4. Model Validations 
Select adjacent tunnel group of Liuan-Wuhan expressway as model application. Liuan-Wuhan expressway has two-way 
four lanes and the adjacent tunnel group speed limit is 80km/h. The survey location of the road directional signs is in the right 
side of road. It is a cantilever sign, whose layout size is 4.4 × 2.9m, text high is 60cm, Chinese Stroke is 9 programs, distance 
between the top and road is7.0m, high of sign is 1.5m and the driver's sight is 1.2m. Pre-set distance of sign setting is 80m, 
pitch-down angle is 7 °, and exit safe distance is 140m. 
( )l f h =5.67×(0.6×1×0.82×0.60)=167m 
Experimental studies show that the acceleration change of adjacent tunnel exit is generally not more than 0.5 m/s2 within a 
certain distance. As shorter stroke from point B to point F, to simplify the calculation, it can be deemed to be traveling at a 
constant speed V (m / s). 
2 2
1 2
1
( )( 1)
2
v vD n L v t l =154+(80/3.6)×3 167=53.6(m) 
(7 1.2)
tan tan 7
dm a =48(mm) 
With 80m>53.6m and ml at the same time, so the distance meets the legibility requirements. Therefore, pre-set 
distance is appropriate. According to equation 10  
1 2 3S S S S  
2 2( / 2) 0.2 0.25 48
3.6 tan( / 2)
V h B V V  
2 280 1.5 (9.375 / 2) 80 800.2 0.25 48
3.6 tan(15 / 2) 3.6 3.6
=109(m)
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Due to 140m> 109m, traffic signs located at the tunnel exit are safe. 
5. Conclusions 
With the rapid development and growing of expressway tunnel length, it is increasingly important to design and set traffic 
signs rationally to protect the safety of tunnel group traffic. From adjacent tunnel group characteristics, this paper analyzes 
traffic signs setting problems of adjacent tunnel group based on ergonomics and traffic flow theory. This paper analyzes the 
conditions of how the drivers make effectively use of passed information from traffic signs. Based on the analysis of the 
relationship between visual inertia and variety velocity of pupil area, theoretical models about how to effectively establish 
traffic signs was set up. The proposed model tested the adjacent tunnel groups of Liuan-Wuhan expressway, and calculated 
and analyzed the road safety, location, and reasonable depression angle and exit distance of adjacent tunnel group traffic signs, 
results of which are of enormous significance. The research results show that: the tunnel group frequent change the driving 
environment in a relatively short space, which can have great impact on the driver from psychology and physiology, 
especially next to the hole before and after the adjacent tunnel groups are in close proximity, the rear exit of the tunnel in 
front of the tunnel entrance interactions between export brightness drastic changes, causing the driver light and dark 
adaptation difficulties, prone to visual impairment, affecting the accurate perception of the driver on the exit of the tunnel 
traffic signs, seriously and even lead to traffic accidents. 
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